at some stages of the stride and negative work (degrading mechanical energy to heat) at others. We will adopt the hypothesis that gaits have evolved to minimize the positive work required of the muscles.
This may be over simple, because muscles use metabolic energy wherever they exert tension, even if they do not shorten and so do no work.
The relationship between muscle force, work and metabolic energy cost is not fully understood2).
Description of gaits
When a horse changes from walking to trotting or from trotting to galloping, it obviously changes its pattern of movement. We need means of describing such changes quantitatively. Also if we are to make generalisations that will apply to animals of very different sizes (for example, both to cats and to camels) we must describe gaits in dimensionless terms. In walking, the duty factors of the feet are greater than 0.5 so there are double-support phases when both feet are on the ground.
In running, however, the duty factors are less than 0.5 so there are aerial phases when both feet are off the ground.
Another difference between human walking and running is that the shape factor q (equation (1)) has positive values in walking (higher values at higher speeds) and negative values in running ( Fig. 1) . A consequence of these differences in shape factor and duty factor is that in walking, the total ground force (exerted by both feet) is maximal in the double support phase and minimal as the centre of mass passes over the supporting foot : whereas in running the ground force is maximal as the centre of mass passes over the supporting At low speeds ( Fig. 2 (a) ) the graph shows two work minima, one of them (left) for a very slow run and the other (right) for a walk. The optimal run involves a very low duty factor (implying very large ground forces) and would probably not be feasible, leaving the optimal walk as the best feasible gait for this low speed. As speed increases ( Fig. 2(b) ) the shape factor for the optimal walk increases : similarly, people walk with larger shape factors as they increase speed (Fig. 1) . Eventually, as speed increases the walking optimum disappears and running is the best gait ( Fig. 2(d) ). At this speed, the optimal duty factor for running is higher than at lower speeds and may be attainable, but people actually run with larger duty factors than the theory predicts. Galloping, however, used at Froude numbers above 2.53), is a distinctively quadrupedal gait.
In galloping, the two hind feet are set down in rapid succession, and then the two fore feet. This 
